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COMPLETE SPECIFICATION. 



Improvements in Control Nozzl 

We. Hawker Aircraft Limitbd, a British 
Company, of Richmond Road. Kingston- 
upon-Thames, in the County of Surrey, do 
hereby declare the invention, for which we 

5 pray that a patent may be granted to us, 
and the method by which it is to be per- 
formed, to be particularly described in and 
by the following statement: — 

ITiis invention relates to control nozzle 

10 systems for use on aircraft of the fixed wing 
vertical take-off and landing type employing 
lift nozzles for vertical take-off and landing, 
which nozzles are capable of orientation from 
a vertical or near vertical position to a sub- 

15 stantially horizontal position in which they 
provide thrust for forward flight, tiie control 
nozzles for stabilizing the aircraft when the 
normal control surfaces are infective being 
situated at the win§ tips, nose and tail and 

20 being designed to discharge air or gas verti- 
cally downwards in a controlled mann^. 

An example of such an aircraft forms the 
subject of our earlier Patent No. 861,480 
which aircraft included a gas turbine 

25 mounted within the fuselage at or about the 
centre of gravity of the aircraft, the gas tur- 
bine havmg associated therewith a pair of 
lift nozzles situated forward of the 
centre of gravity and a second pair 

30 of lift nozzles situated aft of the 
centre of gravity, the nozzles comprising 
each pair projecting from the fuselage on 
opposite sides, the forward pair of nozzles 
discharging air bled from the compressor of 

35 the gas turbine, the aft pair of nozzles dis- 
charging efSux gases from the turbine, the 
nozzles being mounted for simultaneous 
orientation, whereby the whole volume of 
air and efflux gases discharged from the four 

40 nozdes could be directed reatwardly and 
used for forward propulsion or directed 



) Systems for Use on Aircrait. 

downwardly to produce vertical or other- 
wise upward lift 

The lift nozzles were capable of move- 
ment beyond a vertical position in a forward 45 
direction, the angular mov^ent of the 
nozzles being in the region of 100**, whereby 
the thrust from the no^es could be directed 
in a downward and slightiy forward direc- 
tion during the transition stage between for- 50 
ward flight and hovering or downward fUght 
preparatory to landing. 

Such an aircraft as is proposed in accord- 
ance with the earlier Patent above referred 
to included the usual- aerodynamic control 55 
surfaces, i.e. elevators, rudder and ailerons 
with which the aircraft was controlled during 
normal forward flight and the aforesaid con- 
trol no^es situated at the wing tips, nose 
and tail for controlling the aircraft in the 60 
pitching, rolling and yawing planes when 
the aerodynamic control surfaces were in- 
effective. 

It will be appreciated that such an aircraft 
will necessanly pass thtougji a transition 65 
stage betwem vertical and normal forward 
fli^t and vice versa and in the Specification 
of co-pending Patent Application No. 
37008/59 (Patent No. 899,862) is described 
a form of control for the orientation of the 70 
lift noaies during the transition stage be- 
tween vertical take-off or take-off at abnorm- 
ally steep an^e and forward flight, ai£d con- 
versely between forward flight and hovering 
or downward flight, for example as when 75 
landing. 

According to the present invention in an 
aircraft of the kind set forth as heremabove 
defined wherein the discharge of gas from the 
respective nozzles is controlled by suitable 80 
means int^connected with the flight controls 
of the airciraft and/or die control surfaces, a - 
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master valve is provided interconnected with 
tlie lift control nozsdes only come into opera- 
tion under conditions wbsa the control sur- 
faces would be ineffective in a controlling 
5 sense. 

It will be appreciated, therefore, that the 
position of the lift nozzles will determine 
whether or not the control nozdes are in use 
and consequently there will be no risk of 

10 movements of the aircraft in a controlling 
sense being dangerously amplified due to 
the control surfaces and control nozzles being 
effective at the same time. 
The master valve will be automatically 

15 opened on the lift nozzles being moved to a 
determined angular position relative to the 
horizontal, the master valve being auto- 
matically closed when the lift nozzles have 
been moved into a position such that the 

20 forward speed of the aircraft will be higher 
than staUuig speed. 

In this way the aerodynamic control sur- 
faces and the control nozzles may be so co- 
related that they each perform their own 

25 function .und^ the conditions of operation 
for which they are designed and as. pre- 
viously stated do not each amplify the con- 
trol effect obtained with each other, thus 
ensuring that normal movements of the oon- 

30 trpl column and rudder pedals will produce 
normal movements of the aircraft in the 
thqree. planes irrespective of whether the 
aerodynamic control surfaces are or are not 
effective in a controlling sense. 

35 The valve mechanism contoolling the area 
of discharge of the cohti-ol nozzles prefer- 
ably takes the form of clam type shutters 
which as a result of pivotal movement con- 
trol the effectiye area of the discharge open- 

40 ings. 

, In the case of the fore and aft mounted 
nozzles a two part shutter is preferably pro- 
vided, the parts moving in opposite direc- 
tions, the nozzle itseU having a limited 

45 pivotal movement about a horizontal axis, 
movement of the fore and aft nozzles being 
in opposite directions so that the gas instead 
of discharging vertically downwards will dis- 
charge downwardly at an angle to the verti- 

50 cal under the control of tiie rudder pedals 
to produce a turning moment to move the 
aircraft in the yawing plane. 

The main control valve controlling the 
supply of gas to the control nozzles may be 

55 actuated by a cam or a dead centre linkage 
in such a way that the valve is fully open 
during take-off and until the lift nozzles 
have reached a predetermined angle. 
With further movement of the lift nozzles 

60 the valve closes progressively and then re- 
mains cloised between a second prede^ter- 
mined angle and. the horizontal flight posi- 
tion of the lift nozzles. 
Before landing the aircraft, the lift nozzles 

65 are rotated to a vertical position and the 



valve operating cyde is repeated in reverse 

to op«i the valve. 
Referring to the accompanying drawings: 
Figure 1 is a side elevation of an aircraft 

showing the disposition of the fore and aft 70 

control nozzles and the master control valve 

therefor; 

Figures 2 and 3 are respectively a side 
elevation and plan of the control nozde 
associated with the nose of the aircraft and 75 
showing its connection with the fiiglit con- 
trols; 

Figures 4 and 5 are similar views of the 
control nozzle associated with the tail of the 
aircraft; 80 

Figures 6 and 7 are detail views showmg 
the interconnected control mechanism of the 
master valve and lift nozzles; 

Figure 8 is a plan view of the port wing 
tip control nozzle; 85 

Figure 9 is a side elevation partly in 
section; and 

Figure 10 is a front elevation of either 
the fore or aft control nozzle. 

Referring in the first instance to Figure 1 90 
which shows diagrammaticaQy the general 
layout of the fore and aft control nozzles 
and their associated mechanism, the control 
nozde associated with the nose of the air- 
craft is indicated by reference numeral 1 and 95 
the control nozzle associated with the tail by 
reference numeral 2. 

The fore and aft nozzles 1 and 2 are inter- 
connected by tubular fore and aft ducts 3 
and 4, branch ducts 5 and 6 leading to the 100 
control nozzles associated with the port and 
starboard wing tips. 

The engine casing is indicated diagram- 
maticaHy by chain dotted lines and consists 
of a front casing portion 7 containing one or 105 
more large diameter fans, a compressor cas- 
ing portion 8 and a turbine and bifurcated 
tail portion 9. 

. Air is delivered from casing portion 7 to 
a pair of lift nozzles 10 and the exhaust 110 
efflux gases issuing from the turbine are 
delivered to lift nozzles 11. Lift nozzles 10 
and 1 1 are arranged fore and aft of the centre 
of gravity of the aircraft and are arranged 
as pairs projecting from opposite sides of 115 
the fuselage. The lift nozzles are capable of 
simultaneous orientation about their hori- 
zontal axes from a position in which they 
extend rearwardly and horizontally through 
an angje of approximately 100**, the ter- 120 
minal forward and downwardly directed 
position producing a braking effect on the 
aircraft in addition to upward lift. 

Ducts 3, 4, 5 and 6 are connected with a 
main supply connection 12 on the com- 125 
pressor casing 8 containing a butterfly type 
master control valve by means of which the 
supply of air to the four control nozzles can 
be controlled, the spindle of the master valve : 
being indicated by reference num^xii 13. 130 
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It is proposed to coi^^Wie discharge of 
air from the four comHFnozzles by the 

flight controls, the control nozzles and the 
aerodynamic control surfaces being so co- 
S related that they each perform their own 
function under the conditions of operation 
for which they are designed and do not each 
amplify the control effect obtained with each 
other, thus ensuring that normal movements 
10 of the flight controls. i.e. control column 
and rudder pedals will produce normal 
-movements of the aircraft in the three planes 
irrespective of whether the control surfaces 
are or are not effective in a controlling sense. 
15 The manner in which the control nozzles 
and flight controls are interconnected is 
shown in Figures 2 to 5 and 8 and in addi- 
tion reference will now also be made to 
Figures 9 and 10. 
20 The control column 14 is connected by 
means of a link .15 with a lever 16 carried 
by a shaft 17 revolvable in a sidtable fixed 
bearing, shaft 17 carrying a second lever 18 
connected by a second link 19 with a lever 
25 20 carried by a shaft 21 to which is secured 
two forwardly directed levers 22. Levers 
22 are connected by links 23 with arms 24 
on a pair of clam type shutters 25 having a 
conunon hinge axis 26, the shutters opemng 
30 and closing in opposite directions as a 
result of movement of the control 
column to control the discharge of air 
from the forward control nozzle. The con- 
struction of this nozzle is more clearly shown 
35 in Figures 2 and 10. In order to ensure the 
discharge of air in a downward direction 
substantially at 90° to the longitudinal axis 
of the aircraft the nozzle contains a number 
of deflectors 27. 
40 The general construction of the aft control 
nozzle 2 is similar to the forward nozzle, the 
clam type shutters associated with the two 
noz2tes moving in opposite senses under 
movement of the control colimm. thus con- 
45 trolling the aircraft in the pitchii^ plane. 
Turning now to Figure 4 which shows the 
aft control no2zle 2 and its operating mecha- 
nism a lever 28 is responsive to movement 
of the elevators under the control of the con- 
50 trol colunm 14, through the usual servo con- 
trol mechanism, lever 28 being connected via 
a link 29 with a lever 30 pivoted at 31 and 
connected by means of a link 32 with the 
clam type shutters 25 by a similar arrange- 
56 ment of levers to those previously described 
in connection with the forward control 
nozzle, the parts therefore bearing similar 
reference numerals. 
To control the aircraft in the yawing plane 
60 both fore and aft control nozzles are pivot- 
ally mounted about horizontal axes in bear- 
ings 33 under the control of the rudder bar. 

The rudder bar 34 carries a lever 35 con- 
nected via a Imk 36 to a lever 37 carried by 
65 a shaft 38 carrying a second lever 39 to which 



is connected a link 40 whi^^Btum is con- 
nected to a bell crank levl^Vl pivoted at 
42. bell crank lever 41 bemg connected by a 
link 43 with the nozzle casing to turn the 
latter about its horizontal axis. 70 

Lever 35 is connected by second Imk 44 
with a bell crank lever 45 connected by a 
link 46 with the rudder actuating mechanism. 

The rudder 47 is connected to a lever 48 
carried by a shaft 49 in turn carrying a lever 75 
50, the latter being coupled by means of a 
link 51 with a bell crank and link similar to 
the forward nozzle which parts are given 
similar reference numbers, the arrangement 
being such that the aft nozzle will be turned 80 
about its horizontal axis but in the opposite 
direction to the forward nozzle. In this way 
the air which would normally discharge verti- 
cally downwards will discharge downwardly 
at an angle to produce a turning movement to 85 
move the akcraft in the yawing plane. 

Control of the aircraft in the rolling plane 
is obtained by opening and closing move- 
ment of shutters 52 on wing tip nozzles 53 
(see Figures 8 and 9), shutters 53 on the 90 
opposite wing tips being moved in opposite 
directions as a result of movement of the 
control column. 

The ailerons 54 which are moved in the 
usual manner by the control column are 96 
each connected by way of a lever 55 and link 
56 witii a toggle lever 57 pivoted at 58, toggle 
lever 57 being in turn connected by means of 
a link 59 with a lever 60 on the shaft carry- 
ing the shutter 52 to move the latter in front 100 
of the mouth of the nozzle 53. 

The control mechanism for the delivery 
of air to the control nozzles is shown in 
Figures 6 and 7, the shaft 13 of the master 
butterfly valve carrying a lever 61 which is 105 . 
connected by means of a like 62 with a lever 
63 mounted on a shaft in a gear casing 64 
from which casing project the ends of a 
shaft 65 having universal joint connections 
66 with further shafts 67. Shafts 67 when 110 
rotated produce simultaneous rotational 
movement of the four lift nozades 10 and 11 
through the medium of chain and sprocket 
type gearmg. 

Shaft 65 is driven through an auxiliary 115 
gear box by an air motor 68 supplied with 
air bled from the compressor casing of the 
engine. 

In the full line position of link 62 in 
Figure 7 the master butterfly valve is closed 120 
whilst the lift nozzles 10 and 11 are in a rear- 
wardly directed horizontal position for for- 
ward fligjit. 

When the link 62 is in the dotted line posi- 
tion the life nozzles are directed downwardly, 125 
the master valve being open to supply air to 
the control nozzles in which position the 
aerodynamic control surfaces will be in- 
effective. The direction of movement of 
lever 63 is shown by the arrow in Figure 7 130 
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and it will be appreciated that as the lift 
nozzles are moved from a rearwardly 
.directed position towards a downwardly 
directed position in which they produce a 
5 direct lift, the master control valve will be 
quickly opened during the first part of the 
movement of lever 63 until it approaches its 
. dead centre position relative to link 62, and 
the valve will thereafter remain substantially 

10 fully open during the remainder of the move- 
ment of lever 63 and the lift nozzles. 

The master valve when fully open will re- 
main fully open until the Uft nozzles are re- 
tiurned to a position in which they give a 

15 substantial thrust to the aircraft in a forward 
direction and the forward speed of the air- 
craft is such that the control surfaces once 
more becomes effective, the master valve 
then closing. 

20 The stopping and starting of the air motor 
is preferably under the control of a hand 
controlled lever in the pilot's cockpit which 
forms no part of the present invention, the 
lever having a dash-pot or the like associ- 

25 ated with it whereby the lift nozzles will be 
moved slowly from a downwardly directed 
position to a rearwardly directed position in 
which latter position tiiey produce a maxi- 
mum thrust in a forward direction. 

30 WHAT WE CLAIM IS: — 

1. In an aircraft of the fixed wing type 
including lift nozzles for vertical take-off and 
-landing or for use when taking-off or landing 
at a speed below stalling speed when the 

35 normal aerodynamic control surfaces are 
ineffective, said nozzles being capable of 
orientation into a position in which they pro- 
vide thrust for forward flight, control nobles 
at the wing tips, nose and tail through which 

40 a gas such as air can be directed down- 
wardly to control the aircraft in llie pitch- 
ing, yawing and rolling planes, the discharge 
of gas from the respective nozzles being con- 
trollable by suitable means, which means is 

45 interconnected with the fligiit controls of the 
aircraft and/or the control surfaces so that 
normal operation of the flight controls win 
control die aircraft, in the three planes 
whether or not the control surfaces are effec- 

60 tive, the supply of gas to the control nozzles 
being under the control of a master valve 
interconnected with the lift nozzle orienta- 
tion mechanism in such manner that ^e 
control nozzles only come into operation 

55 under conditions when the control surfaces 
would be ineffective in a controlling sense. 

2. In an aircraft as claimed in Claim 1, 
cam or dead centre linkage controlling the 
opening and closing movement of the master 

60 valve in such manner that the valve is fufly 
open when the lift nozzles are directed down- 
wardly at a predetermined angle as during 
take-off or landing, the valve being progres- 
sively closed as the angle of the lift nozdes 



to the horizontal is progressively decreased, 65 
the valve being closed and remaining closed 
between a second predetermined angle of the 
nozzles to the horizontal and their horizontal 
flight position in which they no longer pro- 
duce a direct upward lift. 70 

3. In an aircraft as claimed in Claim 1 
or 2 an auxiliary gear box driven by an air 
motor or other prime mover, said gear box 
driving chains and sprockets or other driv- 
ing means for orientating the Uft nozzles and 75 
a lever or arm having a Unk connection with 

a second lever or arm associated with the 
master valve, the link coimection being such 
that the master valve is closed throughout a 
predetermined angle of movement of the lift 80 
nozzles and is progressively opened as the 
lift nozzles assimae a position in which they 
directly contribute to the lift and the forward 
speed of the aircraft is such that the control 
surfaces cease to be effective in the control- 85 
ling of the aircraft in the three planes. 

4. A control system as clauned in any 
of the preceding claims, including nozzles 
situated at the nose and tail of the aircraft, 

the nozzles being pivotable about horizontal 90 
axes lying fore and aft of the aircraft and in 
opposite directions for controlling the air- 
craft in the yawing plane. 

5. A control system as claimed in any 

of the preceding claims wherein the discharge 95 
of gas is controllable by means of hinged 
shutters movable in front of the mouths of 
the nozzles. 

6. A control system as claimed in Claim 

4 wherein the nozzles associated with the 100 
nose and tail of the aircraft are each fitted 
with a pair of shutters pivotally mounted for 
movement in opposite directions to control 
the quantity of gas discharged, movement of 
the shutters of the forward nozzle being 105 
opposite to the movement of the shutter of 
the aft nozzle. 

7. A control system as claimed in any 
of the preceding claims wherein each control 
nozzle includes a series of curved deflectors 110 
for directmg the gas vertically downwardly 
during its discharge. 

8. In an aircraft of the type set forth 
the combination of interconnected lift and 
control nozzles substantially as described 115 
with reference to the accompanying draw- 
ings. 

9. In an aircraft of the ^pe set forth, 
the combination of flying controls, control 
surfaces and control nozzles substantially as 120 
described with reference to the accompany- 
ing drawings. 

For the Applicants, 
F. J. CLEVELAND & CCMPANY, 
Chartered Patent Agents, 
29 Southampton Buildings, 
Chancery Lane, 
London, W.C.2. 
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PROVISIONAL SPECIFICATION. 

Impro'irements in Stabilizmg Ckmtrol Nozzle Systoxm £o; 17se on Aircraft. 

We, Hawkbr Aircraft Limited, a British type with wiiich normal movements of the 

Company, of Richmond Road, Kangston- tlight controls will ^ectively control the 60 

upon-Thames, in the County of Surrey, do aircraft in the pitching, rolling and. yawing 

hereby declare this invention to be described planes, whether the aircraft is hov«ring, 

5 in the. following statement: — aso^ding or descending vertically or at a 
This invention relates to stabilizing control forward speed below that at which the nor- 
nozzle systems for use on aircraft of the mal aerodynamic control surfooes would be 6& 
vertical tal^-off and landing type, the phrase effective during normal forward flight con- 
being mtended to cover fixed wing aircraft ditions above stalling speed. 

10 which are either capable of taking off and The invention consists broadly in provid- 

landing vertically or alternatively takmg off ing stabilizing control nozzles at the wing 

and landing at a steep angle and a speed tips, nose and tail of an aircraft through 70 

below stalling speed. which a gas such as air is directly down- 

The invention is particularly concerned wardly for stabilizing purposes, the area of 

15 with the type of fixed wing aircraft forming the discharge openings oi the nozdes. being 

the subject of co-pending Patent Application individually variable for oontrolling the gas 

No. 17600/58 (Serial No. 861,480) which air- discharge and therefore controlling the air- 76 

craft included a gas turbine moimted within craft in the pitching and rolling planes by 

the fuselage, the gas turbine having associ- means of valves or their equival^its, the 

20 ated therewith a pair of nozzles situated for- fore and aft stabilizing nozzles beiivg angu-. 

ward of the centre of gravity and a second larly movable about horizontal axes in oppo- 

pair of no^es situated aft of the centre of 5ite directions for control in the yawing 80 

gravity, the no^es comprising each pair plane, the valves controlling the discharge 

projecting from the fuselage on opposite of the gases being interconnected with the 

25 sides, the forward pair of nozzles discharging control colunm and rudder pedals so that 

air bled from the compressor of the gas tur- normal operation of the flight controls will 

bine, the aft pairs of nozzles discharging control the aircraft in the three planes even 86 

efQux gases from the turbine, the no^es though the control surfaces axe ineffective, 
being mounted for simultaneous orientation. It will be appreciated that such an aircraft 

30 whereby the whole volume of ak and efflux will necessarily pass through a transition 

gases discharged from the four nozzles could stage between vertical and normal forward 

be directed rearwardly and used for forward flight and vice versa and in the Spedficatioii . 90 

propulsion ox directed downwardly to pro- of co-pending Patent Application No. 

duce vertical or o^rwise upward lift. 37008/59 (Serial No. 899,862) is described 

36 Furthermore it is preferred that the a form of control for the orientation of the 

nozdes shall be capable of movement beyond mam lift and propulsion nozzles during the 

a vertical position in a forward direction, transition stage between vertical takeoff or 95 

theangular movement of the nozzles being in take-off at an abnormally steep angle and 

the region of 100°, wherebyflie thrust from the forward flight, and conversely between for- 

40 nozzles can be directed in a downward and ward flight and hovering or downward flight, 

slightly forward direction during the transi- for example as when landing, 
tion stage between forward flight and hover- According to a further feature of the in- 100 

ing or downward flight preparatory to land- vention the supply of air or other gas to the 

ing, stabilizing noaJes isunder the control of a 

45 Such an aircraft as is proposed in accord- master valve which is automatically opened 
ance with the earlier Patent Application on the main lift and propulsion no^es being 
above referred to includes the usual aero- moved to a determined angular position rela- 105 
dynamic control surfaces, i.e. elevators, tive to the horizontal, tiie valve being auto- 
rudder and ailerons with which the aircraft matically closed when the main lift and pro- 

50 is controlled during normal forward flight pulsion nozzles have been moved into a 

and with stabilizing nozzles situated at the poation such that the forward speed of the 
wing tips, nose and tail for stabilizing the aircraft will be higher than stalling speed. 126 
airoraft in the pitching, rolling and yawing In this way the aerodynamic control sur- 
planes when the aerodynamic control sur- faces and the stabilizing nozzles may be so 

55 faces are ineffective. co-related that they each perform thek own 

The chief object of the invention is to function imder the conditions of operation 
evolve an improved form of stabilizing con- for which they are designed and do not each 115 
trol nozzle system for aircraft of the above amplify the control effect obtained with each 
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other, thus ensunng that normal movements 
of tl^ control column and rudder pedals will 
produce normal movements of the aurcraft in 
the three planes irrespective of whether the 
5 aerodynamic control surfaces are or are not 
effective in a controlling sense. 

The valve mechanism controlling the area 
of discharge of the stabilizing noz2des pre^ 
ferably take the form of clam type shutters 
10 which as a result of pivotal movement con- 
trol the effective area of the discharge 
openings. 

In the case of the fore and aft moimted 
discharge no^es a two part shutter is pre- 

15 ferably provided, the parts moving in oppo- 
site directions, the nozzle itself having a 
limited pivotal movement about a horizontal 
axis, rnoyement of the fore and aft nozzles 
being in opposite directions so that the gas 

20 instead of discharging vertically downwards 
will discharge downwardly at an angle to the 
vertical under the control of the rudder 
pedals to produce a turning moment to noove 
the aircraft in the yawing plane. 



The main control valve controlling the 
supply of gas to the stabilizing nozzles may 
be actuated by a cam or a dead centre link- 
age in such a way that the valve is fully open 
during take-off and until the main lift and 
propulsion nozzles have reached a predeter- 
mined angle. 

With further movement of the main 
nozdes the valve closes progressively and 
then remains closed between a second pre- 
determined angle and the horizontal fhght 
position of the propulsion nozzles. 

Before landing the aircraft, the main 
nozzles are rotated to a vertical position and 
the valve operating cycle is r^ated in re« 
verse to open the valve. 

For the Applicants, 
F. J. CLEVELAND & COMPANY, 
Chartered Patent Agents. 
29 Southampton Buildings, 
Chanceiy Lane, 
London, W.C2. 
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